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BIOLOGICAL MARKERS FOR DIAGNOSING RHEUMATOID ARTHRITIS 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. § 1 19 from U.S. 

Application Ser. No. 60/455,037, filed March 14, 2003, which is incorporated herein in its 
entirety by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to biological markers for rheumatoid arthritis (RA). 

More specifically, the present invention relates to the use of such markers to diagnose and treat 
RA, monitor progression of the disease, evaluate therapeutic interventions, and screen candidate 
drugs in a clinical or preclinical trial. 

BACKGROUND OF INVENTION 

[0003] Rheumatoid arthritis (RA) is a chronic inflammatory disorder of the small joints 

that also has pronounced and potential disabling systemic consequences, including fatigue, 
malaise and fever. It is estimated that about 2.1 million people in the United States have RA. 
The disease typically begins in middle age and occurs with increased frequency in older people. 
For reasons that are not fiiUy understood, about two to three times as many women as men have 
the disease. 

[0004] Although the etiology of the disease is unknown, its pathology evolves with 

conmion characteristics over time. The inflamed joint is characterized by synovial fibroblast 
hyperplasia, infiltration of activated lymphocytes and macrophages, and high levels of 
neutrophils. Early events are believed to include an inflanmiatory response initiated by unknown 
mediators. Activated CD4 T-cells appear to amplify and perpetuate the inflammation. The 
presence of activated T-cells can induce polyclonal B-cell activation. 

[0005] Tissue damage inevitably progresses, releasing autoantigens, and the extent of the 

T-cell response broadens. Eventually, the constant inflammatory environment may lead to 
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transformation of the synovial fibroblasts, yielding destructive potential that is independent of 
T-cells and macrophages. The pro-inflammatory cytokines such as TNF-a, produced mainly by 
macrophages in the joint, and the cytokines they induce such as IL-6 are systemically active, 
present in the serum and augment hepatic synthesis of acute-phase proteins. These cytokines are 
potent stimulators of mesenchymal cells, such as synovial fibroblasts, osteoclasts and 
chondrocytes, which release tissue-destroying matrix metalloproteinases which ultimately lead to 
the erosion of bone and cartilage. 

[0006] The diagnosis of RA is typically made based on medical history, physical 

examination and X-ray imaging of the affected joint(s). Antibodies directed to the crystallizable 
fi*agment of IgG molecules (rheumatoid factor) are often found in high levels in RA. However, 
not everyone who has RA tests positive for rheumatoid factor and some who test positive never 
develop the disease. Neutrophils, for example, are generally elevated in RA, while CDS T-cells 
are generally reduced. Also, the CD4:CD8 T-cell ratio is higher in RA subjects. Cush & Lipsky, 
Arthritis Rheum., 31:1230-8 (1988); Dale, Neutropenia and Neutophilia, in WILLIAMS 
Hematology, Beutier et al, eds., McGraw Hill: New York. p. 823-834 (2001). Other factors 
associated with RA include, for example, C-reactive protein and antibodies to citruUine- 
containing peptides. However, there is no consensus panel of RA-specific markers. Early 
diagnosis and knowledge of disease progression would allow early initiation of treatment when it 
is most appropriate and potentially would be of the greatest benefit to the patient. 

[0007] A number of approaches are used to treat RA. Nonsterioidal anti-inflammatory 

drugs (NSAIDS) are typically used to reduce pain, swelling and inflammation. Disease- 
modifying anti-rheumatic drugs (DMARDS) are used to slow progression of the disease and to 
prevent further joint injury (e.g., gold salts, antimalarials, methotrexate. Penicillamine, 
Sulfazalazine). The mechanism of action for these drugs is not fiilly understood. Biologic 
response modifiers differ from traditional DMARDS in that they target specific constituents of 
the immune system that contribute to the disease, while leaving other constituents of the immune 
system intact. This includes anti-TNF alpha inhibitors. While some patients respond well to a 
particular DMARD or combination of DMARDs, others show only modest benefit or no 
significant improvement. Furthermore, these drugs are associated with a number of serious side 
effects. The search for better therapeutics with fewer side effects is a subject of active research. 
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[0008] Therefore, there is a need to identify biochemical markers for RA. There is also a 

need for improved compositions and methods for diagnosing RA, and improved compositions 
and methods for treating RA. 



SUMMARY OF THE INVENTION 



[0009] One aspect of the invention provides polypeptides that have been identified as 

differentially expressed in biological samples obtained from RA subjects as compared to samples 
obtained from non-RA subjects ("polypeptide markers"). The invention also provides 
polypeptides that have substantial homology with polypeptide markers, modified polypeptide 
markers, and fragments of polypeptide markers. The invention also includes precursors and 
successors of the polypeptide markers in biological pathways. The invention also provides 
molecules that comprise a polypeptide marker, a polypeptide that has substantial homology with 
a polypeptide marker, a modified polypeptide marker, a fragment of a polj^eptide marker, or a 
precursor or successor of a polypeptide marker (e.g., a fusion protein). As used herein, the term 
"polypeptides of the invention" shall be understood to refer to any or all of the foregoing 
polypeptides. 

[0010] Another aspect of the invention provides polynucleotides encoding polypeptides 

of the invention ("polynucleotide markers"). The invention also provides polynucleotides that 
have substantial homology with polynucleotide markers, modified polynucleotide markers, and 
fragments of polynucleotide markers. The invention also provides molecules that comprise a 
polynucleotide marker, a polynucleotide that has substantial homology with a polynucleotide 
marker, a modified polynucleotide marker or a fragment of a polynucleotide marker (e.g., a 
vector). Because of the redundancy (degeneracy) of the genetic code, a number of 
polynucleotides markers are capable of encoding a single polypeptide of the invention. As used 
herein, the term "polynucleotides of the invention" shall be xmderstood to refer to any or all of 
the foregoing polynucleotides. 

[001 1 ] Another aspect of the invention provides cell populations that have been 

identified as differentially expressed in biological samples obtained from RA subjects as 
compared to samples obtained from non-RA subjects. As used herein, the terms "cell 
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populations of the invention" or "cell population markers" shall be understood to refer to any or 
all of such cell populations. 



[0012] Another aspect of the invention provides antibodies that selectively bind to a 

polypeptide of the invention, polynucleotide of the invention, or a cell population of the 
invention (e.g,, a molecule associated with a cell that is a member of a cell population). The 
invention also provides methods for producing an antibody that selectively binds to a 
polypeptide of the invention, polynucleotide of the invention, or cell population of the invention. 

[0013] Another aspect of the invention provides compositions comprising (i) a 

polypeptide of the invention, (ii) a polynucleotide of the invention, (iii) an antibody against a 
polypeptide of the invention, polynucleotide of the invention or cell population of the invention, 
(iv) an inhibitor of the activity of a polypeptide of the invention, a polynucleotide of the 
invention or a cell population of the invention, or (v) a molecule that can increase or decrease the 
level or activity of a polypeptide of the invention, a polynucleotide of the invention or a cell 
population of the invention. Such compositions may be pharmaceutical compositions formulated 
for use as therapeutics. 

[0014] Another aspect of the invention provides a method for detecting the level or 

activity of a polypeptide of the invention, a polynucleotide of the invention or a cell population 
of the invention. In one embodiment, for example, the method comprises contacting an antibody 
that selectively binds to a polypeptide of the invention with a biological sample suspected of 
containing such polypeptide under conditions that would permit the formation of a stable 
complex and detecting any stable complexes that are formed. In another embodiment, the 
method comprises determining the activity of a polypeptide of the invention that functions as an 
enzyme. In another embodiment, the method comprises determining the level of a 
polynucleotide of the invention in a cell obtained from the subject. 

[001 5] Another aspect of the invention provides a method for diagnosing RA in a subject 

by detecting the level or activity of a polypeptide of the invention, a polynucleotide of the 
invention, or a cell population of the invention in a biological sample obtained from the subject. 
For example, in one embodiment, the method comprises obtaining a biological sample from a 
subject suspected of having RA, or at risk for developing RA, and comparing the level of a 
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polypeptide of the invention in the biological sample with the level or activity in a biological 
sample obtained from a non-RA subject or with a standard value or reference range. In some 
embodiments, the method is used for staging or stratifying subjects with RA, monitoring 
progression of the disease, response to therapy, or susceptibility to RA. In some embodiments, a 
plurality of polypeptides of the invention, polynucleotides of the invention, or cell populations of 
the invention are detected. In some embodiments, such plurality of polypeptides of the invention, 
polynucleotides of the invention, or cell populations, are detected in a pattem (e.g., two specific 
polypeptide markers are elevated and one specific cell population is decreased). In some 
embodiments, the method comprises detecting known markers of RA or considering other 
clinical indicia of RA in addition to detecting one or more polypeptides of the invention, 
polynucleotides of the invention or cell populations of the invention. Another aspect of the 
invention provides methods for monitoring therapeutic treatment of RA. 

[0016] Another aspect of the invention provides methods for treating RA by 

administering to a subject a therapeutic agent that results in an increase or decrease in the level 
or activity of a polypeptide of the invention, a polynucleotide of the invention or a cell 
population of the invention (e.g., the level of a certain polypeptide marker in a sample obtained 
from the subject). In one embodiment, the therapeutic agent administered to the subject is one or 
more markers of the invention. For polj^eptides of the invention, polynucleotides of the 
invention, or cell populations of the invention that are increased in biological samples obtained 
from RA subjects, the method comprises administering a therapeutic agent that decreases the 
level or activity of the polypeptide, polynucleotide or cell population. For polypeptides of the 
invention, polynucleotides of the invention, or cell populations of the invention that are 
decreased in biological samples obtained from RA subjects, the method comprises administering 
a therapeutic agent that increases the level or activity of the polypeptide, polynucleotide, or cell 
population. 

[001 7] Another aspect of the invention provides a method for screening a candidate 

compound for use as a therapeutic agent for treating RA. In one embodiment, the method 
comprises administering the candidate compound to an RA subject and screening for the ability 
to increase or decrease the level or activity of a polypeptide of the invention, a polynucleotide of 
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the invention, or a cell population of the invention in a biological sample obtained from the 
subject. 

[001 8] Another aspect of the invention provides a kit for performing one or more of the 

methods described above. In another embodiment, the kit is for detecting the level or activity of 
a polypeptide of the invention, a polynucleotide of the invention, or a cell population of the 
invention and includes an antibody that selectively binds to the polypeptide, polynucleotide or 
cell population. 

[0019] Other features and advantages of the invention will become apparent to one of 

skill in the art from the following description and claims. 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] The present inventors have discovered polypeptides, polynucleotides, and cell 

populations that are differentially expressed in biological samples obtained from RA subjects 
compared to samples obtained from non-RA subjects. The levels and activities of these 
polypeptides, polynucleotides, and cell populations can be used as biological markers indicative 
of rheumatoid arthritis (RA). 

[0021 ] According to one definition, a biological marker is "a characteristic that is 

objectively measured and evaluated as an indicator of normal biologic processes, pathogenic 
processes, or pharmacological responses to therapeutic interventions." NIH Biomarker 
Definitions Working Group (1998). Biological markers can also include patterns or ensembles 
of characteristics indicative of particular biological processes ("panel of markers"). The marker 
measurement can be increased or decreased to indicate a particular biological event or process. 
In addition, if a marker measurement typically changes in the absence of a particular biological 
process, a constant measurement can indicate occurrence of that process. 

[0022] Marker measurements may be of the absolute values (e.g., the molar 

concentration of a molecule in a biological sample) or relative values (e.g., the relative 
concentration of two molecules in a biological sample). The quotient or product of two or more 
measurements also may be used as a marker. For example, some physicians use the total blood 
cholesterol as a marker of the risk of developing coronary artery disease, while others use the 
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ratio of total cholesterol to HDL cholesterol. See discussion of marker measurement and 
discovery in Ringold et al., "Phenotype and Biological Marker Identification System" 
WO 00/65472 (published Nov. 2, 2000), incorporated herein by reference in its entirety. 

[0023] In the invention, the markers are primarily used for diagnostic purposes. 

However they may also be used for therapeutic, drug screening and patient stratification 
purposes (e.g., to group patients into a number of "subsets" for evaluation), as well as other 
purposes described herein, including evaluation the effectiveness of an RA therapeutic. 

[0024] The practice of the invention employs, unless otherwise indicated, conventional 

methods of analytical biochemistry, microbiology, molecular biology and recombinant DNA 
generally known techniques within the skill of the art. Such techniques are explained fully in the 
literature. (See, e.g., Sambrook et al. Molecular Cloning: A Laboratory Manual. 3rd, ed., Cold 
Spring Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 
2000; DNA Cloning: A Practical Approach, Vol. I & II (Glover, ed.); Oligonucleotide Synthesis 
(Gait, ed., Current Edition); Nucleic Acid Hybridization (Hames & Higgins, eds., Current 
Edition); Transcription and Translation (Hames & Higgins, eds.. Current Edition); CRC 
Handbook of Parvoviruses, Vol. I & II (Tijessen, ed.); Fundmnental Virology, 2nd Edition, 
Vol. I & II (Fields and Knipe, eds.)). 

[0025] The terminology used herein is for describing particular embodiments and is not 

intended to be limiting. As used herein, the singular forms "a," "and" and "the" include plural 
referents unless the content and context clearly dictate otherwise. Thus, for example, a reference 
to "a marker" includes a combination of two or more such markers. 

[0026] Unless defined otherwise, all scientific and technical terms are to be understood 

as having the same meaning as commonly used in the art to which they pertain. For the purposes 
of the invention, the following terms are defined below. 

1. Definitions 

[0027] As used herein, the term "antibody" refers to any molecule that reversibly binds to 

another with the required selectivity. Thus, the term includes any molecule that is capable of 
selectively binding to a marker of the invention. The term includes an immunoglobulin molecule 
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capable of binding an epitope present on an antigen. The term is intended to encompasses not 
only intact immunoglobulin molecules such as monoclonal and polyclonal antibodies, but also 
bi-specific antibodies, humanized antibodies, chimeric antibodies, anti-idiopathic (anti-ID) 
antibodies, single-chain antibodies. Fab fragments, F(ab') fragments, fusion proteins and any 
modifications of the foregoing that comprise an antigen recognition site of the required 
selectivity (see "selectively binding" defined, infra). The term also includes non-immunoglobin 
species. Thus, for example, a binding molecule may be a member of a binding pair such as 
enzyme with respect to a substrate, substrate with respect to an enzyme, lectin with respect to a 
carbohydrate, carbohydrate with respect to a lectin, receptor with respect to a hormone, hormone 
with respect to a receptor, ligand with respect to a counterligand, counterligand with respect to a 
ligand, aptamer with respect to its target, target with respect to its aptamer, and so on. Consistent 
with the foregoing, an "antibody" described as selectively binding to a polypeptide of the 
invention should be understood as including any molecule that reversibly binds to the 
polypeptide with the required selectivity. 

[0028] As used herein, the term "biological sample" means any biological substance, 

including but not limited to blood (including whole blood, leukocytes prepared by lysis of red 
blood cells, peripheral blood mononuclear cells, plasma and serum), sputum, urine, semen, 
cerebrospinal fluid, bronchial aspirate, sweat, feces, synovial fluid, cells, and whole or 
manipulated tissue. 

[0029] As used herein, the term "cell population" means a set of cells having 

characteristics in common. The characteristics include without limitation the presence and level 
of one, two, three or more cell-associated molecules (e.g., cell-surface antigens). One, two, three 
or more cell-associated molecules can thus define a cell population. 

[0030] As used herein, the term "cell-associated molecule" means any molecule 

associated with a cell. This includes without limitation (i) intrinsic cell surface molecules such 
as proteins, glycoproteins, lipids, and glycolipids; (ii) extrinsic cell surface molecules such as 
cytokines bound to their receptors, immunoglobulin bound to Fc receptors, foreign antigen 
bound to B-cell or T-cell receptors and auto-antibodies bound to self antigens; (iii) intrinsic 
internal molecules such as cytoplasmic proteins, carbohydrates, lipids and mRNA, and nuclear 
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protein and DNA (e.g., genomic and somatic nucleic acids); and (iv) extrinsic internal molecules 
such as viral proteins and nucleic acid. As an example, there are hundreds of leukocyte cell 
surface proteins or antigens, including leukocyte differentiation antigens (e.g., CD antigens), 
antigen receptors (e.g., B-cell receptor and T-cell receptor) and major histocompatibility 
complexes. Each of these classes encompasses a vast number of proteins. 

[003 1 ] As used herein, the term "differentially expressed" refers to the level or activity of 

a constituent in a first sample (or set of samples) as compared to the level or activity of the 
constituent in a second sample (or set of samples), where the method used for detecting the 
constituent provides a different level or activity when applied to the two samples (or sets of 
samples). Thus, for example, a polypeptide of the invention that is measured at one 
concentration in a first sample, and at a different concentration in a second sample is 
differentially expressed in the first sample as compared with the second sample. A marker 
would be referred to as "increased" in the first sample if the method for detecting the marker 
indicates that the level or activity of the marker is higher or greater in the first sample than in the 
second sample (or if the marker is detectable in the first sample but not in the second sample). 
Conversely, the marker would be referred to as "decreased" in the first sample if the method for 
detecting the marker indicates that the level or activity of the marker is lower in the first sample 
than in the second sample (or if the marker is detectable in the second sample but not in the first 
sample). In particular, a marker is referred to as "increased" or "decreased" in a sample (or set 
of samples) obtained fi^om a subject (e.g., an RA subject, a subject suspected of having RA, a 
subject at risk of developing RA) if the level or activity of the marker is higher or lower, 
respectively, compared to the level of the marker in a sample (or set of samples) obtained fi'om 
another subject (e.g., a non-RA subject) or subjects or a reference value or range. 

[0032] As used herein, the terms "fold increase" and "fold decrease" refer to the relative 

increase or decrease in the level or activity of a marker in one sample (or set of samples) 
compared to another sample (or set of samples). A positive fold change indicates an increase in 
the level of a marker while a negative fold change indicates a decrease in the level of a marker. 
The increase or decrease may be measured by any method or technique known to those of skill in 
the art. As will be appreciated by one of skill in the art, the observed increase or decrease may 
vary depending on the particular method or technique that is used to make the measurement. 
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[0033] As used herein, the term "fragment" as applied to a polypeptide (e.g., "a fragment 

of a polypeptide") refers to a single amino acid of a full-length polypeptide from which it has 
been derived or to a polymer of amino acid residues comprising an amino acid sequence that has 
at least 5 contiguous amino acid residues, at least 10 contiguous amino acid residues, at least 20 
contiguous amino acid residues or at least 30 contiguous amino acid residues of a sequence of 
the full-length polypeptide firom which it has been derived. As used herein, the term "fragment" 
as applied to a polynucleotide (e.g., "a fragment of a polynucleotide") refers to a single nucleic 
acid of a full-length polynucleotide or to a polymer of nucleic acid residues comprising a nucleic 
acid sequence that has at least 15 contiguous nucleic acid residues, at least 30 contiguous nucleic 
acid residues, at least 60 contiguous nucleic acid residues of a sequence of a full-length 
polynucleotide firom which it has been derived. 

[0034] As used herein, the term "isolated" as applied to a molecule or cell refers to a 

molecule or cell that has been removed from its natural environment. For example, a 
polypeptide can be considered isolated if it is separated from one or more metabolites, 
polynucleotides and other polypeptides with which it is naturally associated. Isolated molecules 
can be either prepared synthetically or purified from their natural environment (e.g., biological 
sample obtained from a subject). Standard methodologies known in the art can be employed to 
obtain and isolate the polynucleotides, polypeptides, antibodies, other molecules, and cells of the 
invention. The term "isolated" does not necessarily reflect the extent to which the molecule or 
cell has been purified. 

[0035] As used herein, the term "marker" includes polypeptide markers, polynucleotide 

markers, and cell population markers. For clarity of disclosure, aspects of the invention will be 
described with respect to "polypeptide markers," "polynucleotide markers" and "cell population 
markers." However, statements made herein with respect to "polypeptide markers" are intended 
to apply to other polypeptides of the invention. Likewise, statements made herein with respect to 
"polynucleotide markers" are intended to apply to other polynucleotides of the invention. Thus, 
for example, a polynucleotide described as encoding a "polypeptide marker" is intended to 
encompass a polynucleotide that encodes a polypeptide marker, a polypeptide that has 
substantial homology to a polypeptide marker, a modified polypeptide marker, a fragment, 
precursor or successor of a polypeptide marker, and molecules that comprise a polypeptide 
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marker, homologous polypeptide, a modified polypeptide marker or a fragment, precursor or 
successor of a polypeptide marker. Furthermore, consistent with their definition, supra, as sets of 
cells having characteristics in common, statements made herein with respect to "cell population 
markers (or "cell populations of the invention") are intended also to apply to one or more cells 
that are members of the cell populations. Thus, for example, an antibody described as selectively 
binding to a "cell population of the invention" should be understood as including an antibody 
that selectively binds to a cell that is a member of the cell population. 

[0036] As used herein, the phrase "capable of performing the function of that polypeptide 

in a functional assay" means that the polypeptide has at least 50% of the activity, at least 60% of 
the activity, at least 70% of the activity, at least 80% of the activity, at least 90% of the activity, 
or at least 95% of the activity of the polypeptide in the functional assay. 

[0037] As used herein, the term "polypeptide" refers to a single amino acid or a polymer 

of amino acid residues of any length. A polypeptide includes without limitation an amino acid, 
an oligopeptide, a peptide and a protein. A polypeptide may be composed of a single 
polypeptide chain or two or more polypeptide chains. A polypeptide can be linear or branched. 
A polypeptide can comprise modified amino acid residues, amino acid analogs or non-naturally 
occurring amino acid residues and can be interrupted by non-amino acid residues. Included 
within the definition are amino acid polymers that have been modified, whether naturally or by 
intervention (e.g., formation of a disulfide bond, glycosylation, lipidation, methylation, 
acetylation, phosphorylation, conjugation with a labeling molecule). 

[0038] As used herein, the term "polynucleotide" refers to a single nucleotide or a 

polymer of nucleic acid residues of any length. The polynucleotide may contain 
deoxyribonucleotides, ribonucleotides, and/or their analogs and may be double-stranded or single 
stranded. A polynucleotide can comprise modified nucleic acids (e.g., methylated), nucleic acid 
analogs or non-naturally occurring nucleic acids and can be interrupted by non-nucleic acid 
residues. Analogs of both the purine and pyrimidine base can differ from a corresponding 
naturally occurring moiety by having new substituent groups attached thereto, for example, 
2,6-diaminopurine or didehydroribose, by having naturally occurring substituent groups deleted 
therefrom, or by having atoms normally present replaced by others, for example, 8-azaguanine. 
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Polynucleotides can also comprise modified backbones, including, but not limited to, methyl 
phosponates, phosphorothioates, phosphordithioates, and PNA backbones. For example a 
polynucleotide includes a gene, a gene fi-agment, cDNA, isolated DNA, mRNA, tRNA, rRNA, 
isolated RNA of any sequence, recombinant polynucleotides, primers, probes, plasmids, and 
vectors. Included within the definition are nucleic acid polymers that have been modified, 
whether naturally or by intervention, including by in vitro manipulation). For every single- 
stranded polynucleotide of the invention, the invention also includes the complementary 
polynucleotide. 

[0039] In some embodiments, a polypeptide marker or a polynucleotide marker is part of 

one or more biological pathways (e.g., amino acid metabolism, the urea cycle, the citric acid 
cycle, pentose phosphate pathway, glycogen synthesis and degradation pathways, fatty acid 
synthesis and breakdown pathways, prostaglandin and steroid biosynthesis, purine and 
pyrimidine synthesis, deoxyribonucleotide synthesis). The identification of such biological 
pathways and their members is within the skill of one in the art. Once a polypeptide of the 
invention or polynucleotide of the invention is identified as part of one or more biological 
pathways, the invention includes additional members of the pathway that precede or follow the 
polypeptide or polynucleotide by one step, two steps, three steps, or more steps. As used herein, 
the term "precursor" or "metabolic precursor" refers to a molecule (or reactant) that precedes the 
marker in the pathway while the term "successor" or "metabolic successor" refers to a molecule 
(or product) that follows the marker in the pathway. 

[0040] As used herein, the terms "RA subject" and "a subject who has RA" refer to a 

subject who has been diagnosed with RA. The terms "non-RA subject" and "a subject who does 
not have RA" are refer to a subject who has not been diagnosed as having RA. Non-RA subjects 
may be healthy and have no other disease, or they may have a disease other than RA. While 
human subjects are described herein, it is to be understood that in some embodiments, subject 
refers to a laboratory animal. 

[0041] As used herein, the term "selectively binding," refers to the ability of antibodies 

to preferentially bind to an antigen (i.e., to be able to distinguish that antigen firom unrelated 
constituents in a mixture). The antigen may be fi-ee of other constituents or part of a complex, 
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such as associated with a cell. Binding affinities, commonly expressed as equilibrium 
association constants, typically range from about 10^ M"' to about lO'^ M"^ Binding can be 
measured using a variety of methods known to those skilled in the art including immunoblot 
assays, immunoprecipitation assays, radioimmunoassays, enzyme immunoassays (e.g., ELISA), 
immunofluorescent antibody assays and immunoelectron microscopy. See, e.g., Sambrook et al, 
supra. 

[0042] As used herein, the term "stringent hybridization conditions" refers to standard 

hybridization conditions under which polynucleotides are used to identify molecules having 
similar nucleic acid sequences. Such standard conditions are disclosed, for, example, in 
Sambrook et al., supra. Stringent hybridization conditions typically permit isolation of 
polynucleotides having at least 70% nucleic acid sequence identity, at least 80% nucleic acid 
sequence identity, at least 90% nucleic acid sequence identity, at least 95% nucleic acid sequence 
identity or at least 99% nucleic acid sequence identity with the polynucleotide being used to 
probe in the hybridization reaction. Formulae to calculate the appropriate hybridization and 
wash conditions to achieve hybridization permitting 30% or fewer mismatches of nucleotides are 
disclosed, for example, in Meinkoth et al., Anal. Biochem. 138:267-284 (1984), incorporated 
herein by reference in its entirety. 

[0043] As used herein, the term "substantially homologous" (or "substantial homology" 

or a "homolog") as applied to two or more polypeptides means (i) that there is at least 70% 
homology, at least 80% homology, at least 90%o homology, at least 95% homology or at least 
99% homology between their amino acid sequences, or (ii) that a polynucleotide encoding one of 
the polypeptides is capable of forming a stable duplex with the complementary sequence of a 
polynucleotide encoding the other polypeptide. As used herein, the term "substantially 
homologous" (or "substantial homology" or a "homolog") as applied to two or more 
polynucleotides means (i) that there is at least 70% homology, at least 80% homology, at least 
90% homology, at least 95% homology or at least 99% homology between their amino acid 
sequences, or (ii) that one or more strands of one of the polynucleotides are capable of forming a 
stable duplex with one or more strands of the other. 
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II. Polypeptide and Metabolite Markers 



[0044] One embodiment of the invention is based, in part, on the discovery that certain 

polypeptide markers are differentially expressed in biological samples obtained from RA 
subjects compared to biological samples obtained from non-RA subjects and, in particular, that 
such differences are statistically significant. 

[0045] A high molecular weight fraction, containing proteins with molecular weights 

greater than about 5-kDa, was separated from serum samples, individually, obtained from RA 
subjects and serum samples obtained from non-RA subjects. After removal of high abundance 
proteins, the high molecular weight fraction was digested with trypsin. The high molecular 
weight fraction was then separated by chromatographic means and analyzed by mass 
spectrometry. The resulting spectra were compared to identify peaks that were associated with 
markers differentially expressed in subjects with RA. In some cases, peaks associated with 
markers differentially expressed in subjects with RA were fiirther investigated to identify the 
polypeptide markers represented by the peak. Wang et al.. Anal. Chem., 75:4818-4826 (2003). 

[0046] Table 1 lists the ftiU-length proteins for which a plurality of fragments were 

identified as differentially expressed (significantly increased) in serum samples obtained from 
RA subjects compared with serum samples obtained from non-RA subjects. 

[0047] Table 2 lists the full-length proteins for which a plurality of fragments were 

identified as differentially expressed (significantly decreased) in serum samples obtained from 
RA subjects compared with serum samples obtained from non-RA subjects. 

[0048] Table 3 lists polypeptides that were identified as differendally expressed 

(significantly increased) in serum samples obtained from RA subjects compared with serum 
samples obtained from non-RA subjects. 

[0049] Table 4 lists polypeptides that were identified as differentially expressed 

(significantly decreased) in serum samples obtained from RA subjects compared with serum 
samples obtained from non-RA subjects. 
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[0050] Table 5 lists additional polypeptides that were identified as differentially 

expressed (significantly increased) in serum samples obtained firom RA subjects compared with 
serum samples obtained from non-RA subjects. 

[0051] Table 6 lists additional polypeptides that were identified as differentially 

expressed (significantly decreased) in serum samples obtained from RA subjects compared with 
serum samples obtained from non-RA subjects. 

[0052] The polypeptide markers of the invention that are set forth in Table 1 , Table 2, 

Table 3, Table 4, Table 5 and Table 6 are each described by (i) the mass to charge ratio (m/z), 
(ii) the chromatographic retention time (R.T.), (iii) the charge state of a molecular ion (z), (iv) 
the protonated parent mass (M+H), (v) the expression ratio (exp. ratio), which is a ratio of mean 
group intensities indicating the relative normalized signal for RA subject group compared to 
non-RA subject group, (vi) fold change, and (v) the applicable p-value range. The polypeptide 
markers set forth in Table 1 , Table 2, Table 5 and Table 6 are also described by their 
corresponding identification number from NCBFs reference sequence database (Accession # and 
gi #) and additional identifying information (e.g., the name or sequence of the peptide marker as 
contained in the NCBI queried database and database searching using the TxirboSEQUEST and 
Mascot software programs). As one of skill in the art will appreciate, the physical and chemical 
properties presented in the Tables is sufficient to distinguish the polypeptides fi-om other 
materials; in particular, the polypeptides are uniquely identified by M+H value, as well as the 
m/z value and R.T. values within the given experimental platform (see Examples). 

[0053] Some variation is inherent in the measurements of physical and chemical 

characteristics of the markers. The magnitude of the variation depends to some extent on the 
reproducibility of the separation means and the specificity and sensitivity of the detection means 
used to make the measurement. Preferably, the method and technique used to measure the 
markers is sensitive and reproducible. The m/z and R.T. values may vary to some extent 
depending on a number of factors relating to the protocol used for the chromatography and the 
mass spectrometry parameters (e.g., solvent composition, flow rate). As one of skill in the art 
will appreciate, the data set forth in the Tables (e.g., M+H values) reflects to some extent the 
equipment and conditions used to make the measurements. The values stated in the Tables were 
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obtained using the equipment and conditions described in the Examples. When a sample is 
processed and analyzed in this manner, the retention time of a marker is about the value stated 
for the marker and the marker has a mass-to-charge ratio of about the value stated for the marker. 



[0054] The polypeptide markers of the invention are useful in methods for diagnosing 

RA, determining the extent and/or severity of the disease, monitoring the progression of the 
disease and/or response to therapy. The markers are also useful in methods for treating RA and 
for evaluating the efficacy of treatment. The markers may be targets for treatment. The markers 
may also be used as pharmaceutical compositions or in kits. The markers may also be used to 
screen candidate compounds that modulate the level or activity of the markers. The markers may 
also be used to screen candidate drugs for their ability to treat RA. 

[0055] In one embodiment, the invention provides a polypeptide marker described in 

Table 1, Table 2, Table 3, Table 4, Table 5 or Table 6. In another embodiment, the invention 
provides a molecule that comprises such a polypeptide marker. 

[0056] In another embodiment, the invention provides a polypeptide that is substantially 

homologous to a polypeptide marker described in Table 1, Table 2, Table 3, Table 4, Table 5 or 
Table 6. In another embodiment, the invention provides a molecule that comprises such a 
polypeptide. 

[0057] In another embodiment, the invention provides a polypeptide having an M+H 

value of about the value stated for a polypeptide marker described in Table 1, Table 2, Table 3, 
Table 4, Table 5 or Table 6. In another embodiment, the invention provides a molecule that 
comprises such a polypeptide. 

[0058] In another embodiment, the invention provides a polypeptide having an M+H 

value within 1 .0% (more particularly within 0.5%, more particularly within 0.1%, more 
particulariy, within 0.05%, more particularly within 0.01%) of the M+H value stated for a 
polypeptide marker described in Table 1, Table 2, Table 3, Table 4, Table 5 or Table 6. In 
another embodiment, the invention provides a molecule that comprises such a polypeptide. 

[0059] In another embodiment, the invention provides a polypeptide that is a fragment, 

precursor, successor or modified version of a polypeptide marker described in Table 1, Table 2, 
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Table 3, Table 4, Table 5 or Table 6. In another embodiment, the invention provides a molecule 
that comprises such a polypeptide. 

[0060] In another embodiment, the invention provides a polypeptide that is structurally 

different from a polypeptide marker described in Table 1, Table 2, Table 3, Table 4, Table 5 or 
Table 6 but is capable of performing the function of that polypeptide marker in a functional assay. 
For example, such a polypeptide may have amino acid sequence that is changed only in 
nonessential amino acid residues from a polypeptide marker described in Table 1, Table 2, 
Table 3, Table 4, Table 5 or Table 6. In another embodiment, the invention provides a molecule 
that comprises such a polypeptide. 

[0061] Polypeptides of the invention may be isolated by any suitable method known in 

the art. Native polypeptide markers can be purified from natural sources by standard methods 
known in the art (e.g., chromatography, centrifugation, differential solubility, inmiunoassay). In 
one embodiment, polypeptide markers may be isolated from a serum sample using the 
chromatographic methods disclosed herein. In another embodiment, polypeptide markers may 
be isolated from a sample by contacting the sample with substrate-bound antibodies that 
selectively bind to the polypeptide marker. Altematively, an isolated polypeptide marker can be 
produced using recombinant DNA technology or chemical synthesis. 

[0062] An isolated polypeptide of the present invention can be produced in a variety of 

ways. Given the amino acid sequence or the corresponding DNA, cDNA, or mRNA that 
encodes them, polypeptides markers may be synthesized using recombinant or chemical methods. 
For example, polypeptide markers can be produced by transforming a host cell with a nucleotide 
sequence encoding the polypeptide marker and cultured under conditions suitable for expression 
and recovery of the encoded protein from the cell culture. See, e.g., Hunkapiller et al, Nature 
310:105-1 1 1 (1984). Polypeptides of the present invention can be purified using a variety of 
standard protein purification techniques. 
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III. Polynucleotides Encoding Polypeptide Markers 



[0063] In one aspect, the invention provides a polynucleotide that encodes the 

polypeptides of the invention. Such polynucleotides include without limitation genomic DNA, 
cDNA and mRNA transcripts. 

[0064] In one embodiment, the invention provides a polynucleotide that encodes a 

polypeptide marker described in Table 1, Table 2, Table 3, Table 4, Table 5 or Table 6, or that 
encodes a molecule that comprises such a polypeptide marker. 

[0065] In another embodiment, the invention provides a polynucleotide that encodes a 

polypeptide that is substantially homologous to a polypeptide marker described in Table 1, 
Table 2, Table 3, Table 4, Table 5 or Table 6, or that encodes a molecule that comprises such a 
polypeptide. • 

[0066] In another embodiment, the invention provides a polynucleotide that encodes a 

polypeptide having an M+H value of about the value stated for a polypeptide marker described 
in Table 1, Table 2, Table 3, Table 4, Table 5 or Table 6, or that encodes a molecule that 
comprises such a polypeptide. 

[0067] In another embodiment, the invention provides a polynucleotide that encodes a 

polypeptide having an M+H value within 1% (more particularly within 0.5%, more particularly 
within 0.1%, more particularly, within 0.05%, more particularly within 0.01% of the M+H value 
stated for a polypeptide marker described in Table 1, Table 2, Table 3, Table 4, Table 5 and 
Table 6, or that encodes a molecule that comprises such a polypeptide. 

[0068] In another embodiment, the invention provides a polynucleotide that encodes a 

polypeptide that is a fragment, precursor, successor or modified version of a polypeptide marker 
described in Table 1, Table 2, Table 3, Table 4, Table 5 and Table 6, or that encodes a molecule 
that comprises such a polypeptide. 

[0069] In another embodiment, the invention provides a polynucleotide that encodes a 

polypeptide that is structurally different from a polypeptide marker described in Table 1, Table 2, 
Table 3, Table 4, Table 5 and Table 6 but is capable of performing the function of that 
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polypeptide marker in a functional assay, or that encodes a molecule that comprises such a 
polypeptide. 



[0070] In another embodiment, the invention provides a polynucleotide that is a fragment 

or modified version or is substantially homologous to any of the above-described 
polynucleotides. 

[0071] Many of the polypeptides listed in Table 3, Table 4, Table 5 and Table 6 are 

fragments of ftiU-length proteins, either because they were present as such in the serum sample 
or as a result of the trypsin digestion that was performed during the processing of the serum 
samples. In many cases, the sequence of the full-length protein can be ascertained from the 
amino acid sequence of the fragment by searching a protein sequence database. In any event, the 
fiiU-length proteins comprising the fragments are included within the scope of the polypeptides 
of the invention. 

[0072] Polynucleotides that encode polypeptides of the invention can be used to screen 

existing genomic, cDNA or expression libraries to find the gene that encodes the polynucleotide 
of the invention. A library is typically screened using a probe that is complementary either to (i) 
the polynucleotide that encodes a polypeptide of the invention or (ii) the complement of such 
polynucleotide. Hybridization is monitored by any suitable method known in the art. Once 
located, the gene that encodes a polynucleotide of the invention can be cloned. The protein 
product of such a gene is included within the scope of the polypeptides of the invention. 

[0073] Altematively, the sequence of the polynucleotide that encodes a polypeptide of 

the invention can be used to search public or private computer databases (e.g., SWISS-PROT, 
GenBank) that will provide the gene sequence (or gene sequences) comprising the 
polynucleotide sequence and/or the amino acid sequence of the gene product. 

[0074] The polynucleotides of the invention can be used to synthesize the polypeptides of 

the invention. In addition, the polynucleotides of the invention may be measured instead of (or 
in addition to) the polypeptides of the invention in a method of the invention. Thus, for example, 
if the level of a polypeptide marker is increased in RA-subjects, an increase in the level of the 
mRNA that encodes the polypeptide marker may be used, rather than the level of the polypeptide 
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marker (e.g., to diagnose RA in the subject). As one of skill in the art will recognize, however, 
the level of mRNA is typical not directly proproportional to the level of protein, even in a given 
cell Furthermore, mRNA level will not indicate post-translational modifications of the protein. 

[0075] Polynucleotide markers may be isolated by any suitable method known in the art. 

A native polynucleotide of the invention can be obtained from its natural source by standard 
methods known in the art (e.g., chromatography, centrifugation, differential solubility, 
inmiunoassay). In one embodiment, a polynucleotide marker may be isolated from a mixture by 
contacting the mixture with substrate bound probes that are complementary to the polynucleotide 
marker under hybridization conditions. 

[0076] Altematively, an isolated polynucleotide of the invention may be produced by any 

suitable chemical or recombinant method known in the art. In one embodiment, for example, a 
polypeptide marker can be produced using polymerase chain reaction (PCR) amplification. In 
another embodiment, a polynucleotide marker can be synthesized from appropriate reactants 
using the methods and techniques of organic chemistry. 

IV. Cell Populations 

[0077] One embodiment of the invention is based, in part, on the discovery that certain 

cell populations are differentially expressed in biological samples obtained from RA subjects 
compared to biological samples obtained from non-RA subjects and, in particular, that such 
differences are statistically significant. 

[0078] A large number of cellular variables were analyzed, including cell counts, cell 

ratios, and the level of cell-associated molecules, using micro volume laser scanning cytometry 
(MLSC). Walton etal.,Proc.SPIE-Int.Soc.Opt.Eng., 3926:192-201 (2000). Blood samples 
obtained from RA subjects and non-RA subjects were stained with fluorophore-labeled 
antibodies specific for cell surface antigens and loaded into optical-quality capillary arrays. 
Typically, three antibody reagents, each with a different fluorescent tag and each detected in a 
different channel, were used per assay. Each assay typically contained one or two antibodies to 
the major cell populations (neutrophils, eosinophils, monocytes, total T-cells, CD4 T-cells, 
B-cells and NK cells) and one or two antibodies to subsetting antigens that may indicate the 
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functional state, activation state or adhesion characteristics of the population. The capillary was 
imaged and the fluorescent events were detected. Peaks corresponding to antibody-labeled cells 
were identified with image processing software. See, Norton et al. Prof.SPIE-Int.Soc.Opt.Eng., 
3921 :20-30 (2000), incorporated herein by reference in its entirety. Unlabeled cells (e.g., 
erythrocytes and leukocytes not expressing the target antibodies) were not identified. 
Compensation was made for spectral overlap of the dyes with respect to the intensity data, so 
result values were proportional to the amount of dye-antibody reagent on each cell. Because the 
volume of the scan is precisely defined, absolute cell counts (cells per |iL of blood) were 
determined. 

[0079] Table 7 lists the cell populations that were identified as differentially expressed 

(significantly increased) in serum samples obtained fi-om RA subjects compared with serum 
samples obtained fi-om non-RA subjects. 

[0080] Table 8 lists cell populations that were identified as differentially expressed 

(significantly decreased) in serum samples obtained fi-om RA subjects compared with serum 
samples obtained firom non-RA subjects. 

[0081] The cell population markers set forth in Table 7 and Table 8 are each described by 

(i) general cell type, (ii) assay, (iii) cell population, (iv) property (i.e., count, ratio, or relative 
antigen intensity); (v) p-value (either adjusted or univariate, as appropriate depending on the 
normality of the data), and (vi) the effect size (difference of means between the two groups 
divided by the weighted standard deviation) which indicates how well the groups are separated. 

[0082] Some variation is inherent in the measurement of the levels of the cell population 

markers. The magnitude of the variation depends to some extent on the reproducibility of the 
sample preparation procedures and on the specificity and sensitivity of the detection means used 
to make the measurement. Preferably, the method and technique used to measure the cell 
population makers is sensitive and reproducible. As one of skill in the art will appreciate, the 
data set forth in Tables 7 and 8 reflects to some extent the equipment and conditions used to 
make the measurements. The values stated in the Tables were obtained using the equipment and 
conditions described in the Examples. When a sample is processed and analyzed in this manner. 
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the values are about those stated for the marker (within about 10%, within about 5%, within 
about 1% of the value stated). 

[0083] The cell population markers of the invention are useful in methods for diagnosing 

RA, determining the extent and/or severity of the disease, monitoring the progression of the 
disease and/or response to therapy. The markers are also useful in methods for evaluating the 
efficacy of treatment for RA. The cell population markers can also be used in kits. The cell 
population markers may also be used to screen candidate compounds that modulate the 
expression of the markers. The cell population markers may also be used to screen candidate 
drugs for their ability to treat RA. 

V. Antibodies 

[0084] In one aspect, the invention provides antibodies that selectively bind to a 

polypeptide of the invention, a polynucleotide of the invention, or a cell population of the 
invention (e.g., to a cell-surface antigen). 

[0085] In one aspect, the invention provides an antibody that selectively binds to a 

polypeptide marker described in Table 1, Table 2, Table 3, Table 4, Table 5 or Table 6, or that 
selectively binds to a molecule that comprises such a polypeptide marker. 

[0086] In another embodiment, the invention provides an antibody that selectively binds 

to a polypeptide that is substantially homologous to a polypeptide marker described in Table 1, 
Table 2, Table 3, Table 4, Table 5 or Table 6, or that selectively binds to a molecule that 
comprises such a polypeptide. 

[0087] In another embodiment, the invention provides an antibody that selectively binds 

to a polypeptide having an M+H value of about the value stated for a polypeptide marker 
described in Table 1, Table 2, Table 3, Table 4, Table 5 or Table 6, or that selectively binds to a 
molecule that comprises such a polypeptide. t 

[0088] In another embodiment, the invention provides an antibody that selectively binds 

to a polypeptide having an M+H value within 1% (more particularly within 0.5%, more 
particularly within 0.1%, more particularly, within 0.05%, more particularly within 0.01% of the 
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M+H value stated for a polypeptide marker described in Table 1, Table 2, Table 3, Table 4, 
Table 5 or Table 6, or that selectively binds to a molecule that comprises such a polypeptide. 

[0089] In another embodiment, the invention provides an antibody that selectively binds 

to a polypeptide that is a fragment, precursor, successor or modified version of a polypeptide 
marker described in Table 1, Table 2, Table 3, Table 4, Table 5 or Table 6, or that selectively 
binds to a molecule that comprises such a polypeptide. 

[0090] In another embodiment, the invention provides an antibody that selectively binds 

to a polypeptide that is structurally different from a polypeptide marker described in Table 1, 
Table 2, Table 3, Table 4, Table 5 or Table 6 but is capable of performing the function of that 
polypeptide marker in a functional assay, or that selectively binds to a molecule that comprises 
such a polypeptide, 

[0091] In another embodiment, the invention provides an antibody that selectively binds 

to a polynucleotide that encodes a polypeptide of the invention, or that selectively binds to a 
molecule that comprises such a polynucleotide. 

[0092] In another embodiment, the invention provides an antibody that selectively binds 

to a poljmucleotide that is a fragment or modified version or is substantially homologous to a 
polynucleotide that encodes a polypeptide of the invention, or that selectively binds to a 
molecule that comprises such a polynucleotide. 

[0093] In another embodiment, the invention provides an antibody that selectively binds 

to a cell population of the invention. In a preferred embodiment, the antibody selectively binds 
to a molecule associated with a cell that is a member of a cell population of the invention; in 
another preferred embodiment, the cell-associated molecule is a surface antigen. 

[0094] Certain antibodies that selectively bind polypeptides of the invention, 

polynucleotides of the invention, or cell populations and cell-associated molecules of the 
invention already may be known and/or available for purchase from commercial sources. 
Antibodies of the invention also may be prepared by any suitable means known in the art. For 
example, antibodies may be prepared by inmixmizing an animal host with a marker or an 
inmiunogenic fragment thereof (conjugated to a carrier, if necessary). Adjuvants, such as 
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Freund's adjuvant optionally may be used to increase the immunological response. Sera 
containing polyclonal antibodies with high affinity for the antigenic determinant can then be 
isolated fi-om the immunized animal and purified. 

[0095] Altematively, antibody-producing tissue fi^om the immunized host can be 

harvested and a cellular homogenate prepared fi"om the organ can be fiised to cultured cancer 
cells. Hybrid cells which produce monoclonal antibodies specific for a marker of the invention 
can be selected. Altematively, the antibodies of the invention can be produced by chemical 
synthesis or by recombinant expression. For example, a polynucleotide that encodes the 
antibody can be used to construct an expression vector for the production of the antibody. The 
antibodies of the present invention can also be generated using various phage display methods 
known in the art. Examples of other methods used to identify antibodies include binding assays 
with random peptide libraries (e.g., phage display), systematic evolution of ligands by 
exponential enrichment (SELEX) and design methods based on an analysis of the structure of the 
targeted marker. 

[0096] Antibodies that selectively bind markers of the invention can be used, for example, 

in methods to isolate or detect markers of the invention (e.g., a polypeptide described in Table 1, 
Table 2, Table 3, Table 4, Table 5 or Table 6, or a cell population described in Table 7 or 
Table 8) using methods and techniques well-known in the art. In some embodiments, for 
example, the antibodies are conjugated to a detection molecule or moiety (e.g., a dye, an 
enzyme) and can be used in ELISA or sandwich assays to detect markers of the invention. 

[0097] In another embodiment, antibodies against a polypeptide of the invention, a 

polynucleotide of the invention, or a cell of a cell population of the invention can be used to 
assay a tissue sample for such marker. The antibodies can selectively bind any to marker present 
in the tissue sample sections and allow the localization of the marker in the tissue. Similarly, 
antibodies labeled with a radioisotope may be used for in vivo imaging or treatment applications. 
Techniques for conjugating antibodies to therapeutic or imaging agents are well known in the art. 
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VL Methods of Diagnosing Rheumatoid Arthritis 



[0098] The present invention includes all methods relying on correlations between the 

polypeptide markers, polynucleotide markers and cell population markers described herein and 
the presence of RA. 

[0099] In one aspect, the invention provides methods for diagnosing RA in a subject. In 

one embodiment, the invention provides a method for determining whether a subject has RA. 
These methods comprise obtaining a biological sample from a subject suspected of having RA, 
or at risk for developing RA, detecting the level or activity of a marker of the invention in the 
sample, and comparing the result to the level or activity of the marker in a sample obtained from 
a non-RA subject, or to a standard level or reference range. Typically, the standard level or 
reference range is obtained by measuring the same marker or markers in a set of non-RA subjects. 
Measurement of the standard level or reference range need not be made contemporaneously; it 
may be a historical measurement. Preferably the non-RA subjects are matched to the subject 
with respect to some attribute(s) (e.g., age and/or sex). Depending upon the difference between 
the measured level and the standard level or reference range, the subject can be diagnosed as 
having RA or as not having RA. 

[00100] In one embodiment, an increased level or activity of a marker of the invention in a 
sample obtained from a subject suspected of having RA, or at risk for developing RA, is 
indicative that the subject has or is at risk for developing RA. Markers appropriate for this 
embodiment include those that have been identified as increased in samples obtained from RA 
subjects compared with samples from non-RA subjects (e.g., the polypeptide markers described 
in Table 1, Table 3 or Table 5 or the cell population markers described in Table 7). Other 
appropriate markers for this embodiment will be apparent to one of skill in the art in light of the 
disclosure herein. 

[00101] In another embodiment, a decreased level or activity of a marker of the invention 
in a sample obtained from a subject suspected of having RA, or at risk for developing RA, is 
indicative that the subject has or is at risk for developing RA. Markers appropriate for this 
embodiment include those that have been identified as decreased in samples obtained from RA 
subjects compared with samples from non-RA subjects (e.g., the polypeptide markers described 
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in Table 2, Table 4 or Table 6 or the cell population markers described in Table 8). Other 
appropriate markers for this embodiment will be apparent to one of skill in the art in light of the 
disclosure herein. 

[00102] As will be appreciated by one of skill in the art, the methods of the present 
invention may be used to evaluate fragments of a polypeptide marker listed in Table 1, Table 2, 
Table 3, Table 4, Table 5 or Table 6, as well as molecules that contain the entire polypeptide 
marker, or at least a significant portion thereof (e.g., measured unique epitope), and 
modifications of such markers. Accordingly, such fragments, larger molecules and 
modifications are included within the scope of the invention. 

[00 1 03] The methods of the invention may be used to make the diagnosis of RA, 
independent from other information such as the patient's symptoms, for example, as measured 
by the American College of Rheumatology (ACR) Criteria (Amett et al, Arthritis Rheum. 
31:315-324 (1988), or the results of other clinical or laboratory tests, such as X-rays of affected 
joints or previously known markers for RA reported in the literature (e.g., rheumatoid factor). 
However, the methods of the invention are preferably used in conjunction with such other data 
points. Similarly, more than one of the markers of the invention may be measured in 
combination. Measurement of the markers of the invention along with any other markers known 
in the art, including those not specifically listed herein, falls within the scope of the invention. 

[00104] As will be apparent to those of ordinary skill in the art, the method described 
above is not limited to making an initial diagnosis of RA, but also is applicable to confirming a 
provisional diagnosis of RA or "ruling out" such a diagnosis. 

[00105] What is presently referred to as RA may tum out to be a number of related but 
distinguishable conditions. For example, RA subjects can be divided into groups based on 
response to anti-TNF-a therapy. Additional classifications may be made, and these types may be 
further distinguished into subtypes. Any and all of the various forms of RA are intended to be 
within the scope of the invention. Indeed, by providing a method for subsetting patients based 
on marker measurement level, the compositions and methods of the invention may be used to 
reveal and define various forms of the disease. 
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[00106] Because a diagnosis is rarely based exclusively on the results of a single test, the 
methods of the invention may be used to determine whether a subject is more likely than not to 
have RA, or is more likely to have RA than to have another disease, based on the difference 
between the measured and standard level or reference range of the marker. Such ranges may be 
based on other factors such as age and gender. Thus, for example, a patient with a putative 
diagnosis of RA may be diagnosed as being "more likely" or "less likely" to have RA in light of 
the information provided by a method of the invention. If a plurality of markers are measured, at 
least one and up to all of the measured markers must differ, in the appropriate direction, for the 
subject to be diagnosed as having (or being more likely to have) RA. 

[00107] Although markers of the invention were identified in serum and blood, any 
biological sample may be analyzed for the markers of the invention. Blood, including its 
constituents such as serum and plasma, and urine represent preferred biological samples for 
analysis because they are easy samples to obtain. Molecules present in serum are often also 
present in more easily obtainable fluids such as urine or sputum. Serum and urine also represent 
preferred biological samples as they are expected to be reflective of the systemic manifestations 
of the disease. In some embodiments, the level of a marker may be compared to the level of the 
same or another marker or some other constituent in a different tissue, fluid or biological 
compartment. Thus, a differential comparison may be made of a marker in synovial fluid and 
serum, for example. It is also within the scope of the invention to compare the level of a marker 
with the level of another marker or some other constituent within the same compartment. The 
marker may be detected in any biological sample obtained from the subject by any suitable 
method known in the art, see infra. 

[00108] As stated above, some of the marker measurement values are higher in samples 
from RA patients, while others are lower. A significant difference in the appropriate direction in 
the measured value of one or more of the markers indicates that the patient has (or is more likely 
to have) RA. If only one marker is measured, then that value must increase or decrease to 
indicate RA. If more than one marker is measured, then a diagnosis of RA can be indicated by a 
change in only one marker, all markers, or any number in between. In some preferred 
embodiments, multiple markers are measured, and a diagnosis of RA is indicated by changes in 
multiple markers. Measurements can be of (i) a marker of the invention, (ii) a marker of the 
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invention and another factor known to be associated with RA (e.g., joint tenderness); (iii) a 
plurality of markers comprising at least one marker of the invention and at least one previously 
known marker reported in the literature, or (iv) any combination of the foregoing. Furthermore, 
the amount of change in a marker level may be an indication of the relative likelihood of the 
presence of the disease. 

[00109] The invention also provides methods for determining a subject's risk of 
developing RA. The method comprises obtaining a biological sample from a subject, detecting 
the level or activity of a marker of the invention in the sample, and comparing the result to the 
level or activity of the marker in a sample obtained from a non-RA subject, or to a standard level 
or reference range, wherein, an increase or decrease of the marker is correlated with the risk of 
developing RA. 

[GDI 10] The invention also provides methods for determining the stage or severity of RA. 
The method comprises obtaining a biological sample from a subject, detecting the level or 
activity of a marker in the sample, and comparing the result to the level or activity of the marker 
of the invention in a sample obtained from a non-RA subject, or to a standard level or reference 
range, wherein an increase or decrease of the activity or level of the marker is correlated with the 
age or severity of the disease. 

[001 1 1 ] In an altemative embodiment of the invention, a method is provided for 
monitoring an RA patient over time to determine whether the disease is progressing. The 
specific techniques used in implementing this embodiment are similar to those used in the 
embodiments described above. The method is performed by obtaining a biological sample, such 
as serum from the subject at a certain time (ti); measuring the level of at least one of the markers 
of the invention in the biological sample; and comparing the measured level with the level 
measured with respect to a biological sample obtained from the subject at an earlier time (to). 
Depending upon the difference between the measured levels, it can be seen whether the marker 
level has increased, decreased, or remained constant over the interval (ti-to). A ftirther deviation 
of a marker in the direction indicating RA, or the measurement of additional increased or 
decreased RA markers, would suggest a progression of the disease during the interval. 
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Subsequent sample acquisitions and measurements can be performed as many times as desired 
over a range of times t2 to tn. 

[001 12] The ability to monitor a patient by making serial marker level determinations 
would represent a valuable clinical tool. Rather than the limited "snapshot" provided by a single 
evaluation, such monitoring would reveal trends in marker levels over time. In addition to 
indicating a progression of the disease, tracking the marker levels in a patient could be used to 
predict exacerbations or indicate the clinical course of the disease. For example, as will be 
apparent to one of skill in the art, the markers of the invention could be further investigated to 
distinguish between any or all of the known forms of RA (for example, responders and 
non-responders to anti-TNF-a therapy) or any later described types or subtypes of the disease. In 
addition, the sensitivity and specificity of the methods of the invention could be further 
investigated with respect to distinguishing RA from other autoimmune diseases, other diseases 
associated with arthritis or to predict relapse and remission. 

[001 13] Analogously, as described, infra, the markers of the invention can be used to 
assess the efficacy of a therapeutic intervention in a subject. The same approach described above 
would be used, except a suitable treatment would be started, or an ongoing treatment would be 
changed, before the second measurement (i.e., after to and before ti). The treatment can be any 
therapeutic intervention, such as drug administration, dietary restriction or surgery, and can 
follow any suitable schedule over any time period. The measurements before and after could 
then be compared to determine whether or not the treatment had an effect effective. As will be 
appreciated by one of skill in the art, the determination may be confounded by other 
superimposed processes (e.g., an exacerbation of the disease during the same period). 

[001 14] It is to be understood that any correlations between biological sample 
measurements of the markers of the invention and RA, as used for diagnosis of the disease or 
evaluating drug effect, are within the scope of the invention. 

VII. Methods for Measuring 

[001 1 5] In the methods of the invention, levels and activity of polypeptides of the 
invention, polynucleotides of the invention, or cell populations of the invention are measured (or 
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detected) using conventional techniques. The measurement may be quantitative or qualitative. 
The measurement may be absolute or relative. It should be noted that while one technique may 
be used to identify the marker, in practice, a different technique may be used to measure the level 
or activity of the marker. A wide variety of techniques are available, including without 
limitation mass spectrometry, chromatographic separations, 2-D gel separations, binding assays 
(e.g., inraiunoassays), hybridization assays, enz5mie assays and competitive inhibition assays, 
inmiunofluorescence and cytometry. Any effective method in the art for measuring the level or 
activity of a polypeptide, polynucleotide or cell population marker of the invention is included in 
the invention. It is within the ability of one of ordinary skill in the art to determine which 
method would be most appropriate for measuring a specific marker. Thus, for example, a robust 
ELISA assay may be best suited for use in a physician's office while a measurement requiring 
more sophisticated instrumentation may be best suited for use in a clinical laboratory. 
Regardless of the method selected, it is important that the measurements be reproducible. 

[001 16] Mass spectrometry, which allows direct measurement of analytes with high 
sensitivity and reproducibility, advantageously can be used to measure polypeptide markers of 
the invention. A number of mass spectrometric methods are available and could be used to 
accomplish the measurement. Electrospray ionization (ESI), for example, allows quantification 
of differences in relative concentration of various species in one sample against another; absolute 
quantification is possible by normalization techniques (e.g., using an internal standard). 
Matrix-assisted laser desorption ionization (MALDI) or the related SELDI® technology 
(Ciphergen, Inc.) also could be used to make a determination of whether a marker was present, 
and the relative or absolute level of the marker. Moreover, mass spectrometers that allow 
time-of-flight (TOF) measurements have high accuracy and resolution and are able to measure 
low abundant species, even in complex matrices like serum or synovial fluid. 

[001 1 7] For polypeptide markers, quantification can be based on derivatization in 
combination with isotopic labeling, referred to as isotope coded affinity tags ("ICAT"). In this 
and other related methods, a specific amino acid in two samples is differentially and isotopically 
labeled and subsequently separated from peptide background by solid phase capture, wash and 
release. The intensities of the molecules fi-om the two sources with different isotopic labels can 
then be accurately quantified with respect to one another. 
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[001 18] In addition, one- and two-dimensional gels have been used to separate 
polypeptides and quantify gel spots by silver staining, fluorescence or radioactive labeling. 
These differently stained spots have been detected using mass spectrometry, and identified by 
tandem mass spectrometry techniques. 

[001 19] In preferred embodiments, the polypeptide markers are measured using mass 
spectrometry in connection with a separation technology, such as liquid chromatography-mass 
spectrometry or gas chromatography-mass spectrometry. It is particularly preferable to couple 
reverse-phase liquid chromatography to high resolution, high mass accuracy ESI time-of-flight 
(TOF) mass spectroscopy. This allows spectral intensity measurement of a large number of 
biomolecules from a relatively small amount of any complex biological material without 
sacrificing sensitivity or throughput. Analyzing a sample by this method allows the marker 
(characterized by, for example, the M+H value, or the retention time and mass-to-charge ratio 
within the given experimental platform) to be determined and quantified. 

[00120] As will be appreciated by one of skill in the art, many other separation 
technologies may be used in connection with mass spectrometry. For example, a vast array of 
separation columns are commercially available. In addition, separations may be performed using 
custom chromatographic surfaces (e.g., a bead on which a marker specific reagent has been 
immobihzed). Molecules retained on the media subsequently may be eluted for analysis by mass 
spectrometry. 

[001 2 1 ] Analysis by liquid chromatography-mass spectrometry produces a mass intensity 
spectrum, the peaks of which represent various components of the sample, each component 
having a characteristic mass-to-charge ratio (m/z) and retention time (R.T.) within the given 
experimental platform. Each polypeptide will have a characteristic M+H value. As one of skill 
in the art will recognize, there may not be a one-to-one correspondence between components 
(each with a characteristic m/z and R.T. within the given experimental platform) and the 
polypeptides having a characteristic M+H value (i.e., the former typically will outnumber the 
latter). The presence of a peak with the m/z and RT of a marker indicates that the marker is 
present. The peak representing a marker may be compared to a corresponding peak from another 
spectrum (e.g., from a control sample) to obtain a relative measurement. Any normalization 
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technique in the art (e.g., an internal standard) may be used when a quantitative measurement is 
desired. In addition, deconvoluting software is available to separate overlapping peaks. The 
retention time depends to some degree on the conditions employed in performing the liquid 
chromatography separation. The preferred conditions, and the conditions used to obtain the 
retention times that appear in the Tables, are set forth in Example 2. The various polypeptides of 
the invention have a characteristic M+H value. 

[00122] The better the mass assignment, the more accurate is the detection and 
measurement of the marker level in the sample. Thus, the mass spectrometer selected for this 
purpose preferably provides high mass accuracy and high mass resolution. The mass accuracy of 
a well-calibrated Micromass TOF instrument, for example, is reported to be approximately 
2 mDa, with resolution m/Am exceeding 5000. 

[00123] In other preferred embodiments, the level of the polypeptide markers may be 
determined using a standard immunoassay, such as a sandwich ELIS A using matched antibody 
pairs and chemiluminescent detection. Commercially available or custom monoclonal or 
polyclonal antibodies are typically used. However, the assay can be adapted for use with other 
reagents that selectively bind to the marker. Standard protocols and data analysis are used to 
determine the marker concentrations from the assay data. 

[00124] A number of the assays discussed above employ an antibody that selectively binds 
to the marker. An antibody may be identified and produced by any method accepted in the art, 
as discussed, supra. 

[00125] The polypeptide markers of the invention also may be measured using a number 
of chemical derivatization or reaction techniques known in the art. Reagents for use in such 
techniques are known in the art, and are conunercially available for certain classes of target 
molecules. 

[00126] Finally, the chromatographic separation techniques described above also may be 
coupled to an analytical technique other than mass spectrometry such as fluorescence detection 
of tagged molecules, NMR, capillary UV, evaporative light scattering or electrochemical 
detection. 
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[00127] The intracellular levels of polypeptide markers can also be measured. Typical 
methodologies include protein extraction from a cell or tissue sample, followed by hybridization 
of a labeled probe (e.g., an antibody) specific for the target protein to the protein sample, and 
detection of the probe. The label group can be a radioisotope, a fluorescent compound, an 
enzyme, or an enzyme co-factor. Detection of specific polypeptides may also be assessed by gel 
electrophoresis or column chromatography, among many other techniques well known to those 
skilled in the art. 

[00128] Measurement of the level of a polynucleotide marker may be made by any 
method known in the art. See, e.g., Sambrook et al., supra; Ausubel et al. (eds.). Current 
Protocols in Molecular Biology, John Wiley & Sons (1992). 

[00129] Typical methodologies for RNA detection include RNA extraction from a cell or 
tissue sample, followed by hybridization of a labeled probe (e.g., a complementary 
polynucleotide) specific for the target RNA to the extracted RNA, and detection of the probe 
(e.g., Northern blotting). Detection of specific polynucleotides may also be assessed by gel 
electrophoresis, column chromatography, direct sequencing, or quantitative PCR, among many 
other techniques well known to those skilled in the art. 

[00130] Detection of the presence or number of copies of all or a part of a polypeptide 
marker gene or polynucleotide of the invention may be performed using any method known in 
the art. Typically, it is convenient to assess the presence and/or quantity of a DNA or cDNA by 
Southem analysis, in which total DNA from a cell or tissue sample is extracted, is hybridized 
with a labeled probe (e.g., a complementary DNA molecule), and the probe is detected. The 
label group can be a radioisotope, a fluorescent compound, an enzyme, or an enzyme co-factor. 
Other usefiil methods of DNA detection and/or quantification include direct sequencing, gel 
electrophoresis, column chromatography, and quantitative PCR, as is known by one skilled in the 
art. 

[001 3 1 ] Polynucleotide similarity can be evaluated by hybridization between single 
stranded nucleic acids with complementary or partially complementary sequences. Such 
experiments are well known in the art. 
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[00132] Cell populations of the invention may be measxired and characterized by any 
method or technique accepted in the art. Flow cytometry, for example, is a widely used means 
for analyzing the physical and chemical properties of cell populations. Monoclonal antibodies 
against specific cell-surface or intracellular antigens, conjugated to fluorescent dyes, can be used 
as probes to detect expression of cellular antigens. After staining a sample with one or more 
fluorescent probes (either singly or in combination) the cells are conducted by the rapidly 
flowing stream, one at a time, though a focused laser beam. Information about the cell (e.g., its 
type, structure, size) can be determined from the fluorescent signal, and the manner in which the 
cell interacts with and scatters the light from the laser beam. The resulting data is typically 
compiled in a computer file for subsequent analysis. Flow cytometry also can be used to 
physically separate cells with particular characteristics ("cell sorting"). 

[001 33] Alternatively, cell populations of the invention may be analyzed using 
microvolume laser scanning cytometry (MLSC). In MLSC, as with flow cytometry, 
fluorophore-labeled antibodies specific for cell surface antigens are used to identify, characterize, 
and enumerate specific leukocyte populations. In a preferred embodiment, the SurroScan™ 
MLSC is used to classify and quantify cell populations. See Dietz et al., U.S. Patent No. 
6,603,537 (issued Aug. 5, 2003); Dietz et al., U.S. Patent No. 6,687,395 (issued Feb. 3, 2004), 
Walton et al., supra. The staining reaction can be done with essentially any cell suspension, 
including whole blood, and assays can be executed in homogeneous mode. Typically, 
quantitative dilution of the blood-antibody mixture is usually sufficient sample preparation 
eliminating the need to wash away the reagent, significantiy reducing the time needed for sample 
preparation. 

[00134] After staining, the cell-antibody mixtures are loaded into optical-quality capillary 
arrays. The leukocytes of interest distribute throughout the capillary and, in whole blood assays, 
float to the top of the red cell hematocrit. In order to operate with whole blood, fluorophores 
that can be excited in the red region (> 600 nm) of the spectrum with a HeNe laser, such as Cy5, 
Cy5.5 and Cy7-APC, are preferred. White blood cells isolated following ficoll or 
erythrocyte-lysis can also be routinely analyzed. 
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[00135] Each capillary in the array is analyzed with the laser-based fluorescence-imaging 
instrument. In contrast to flow cytometry, the laser scans over stationary cells rather than cells 
flowing past the laser. A small cylindrical laser spot is scanned across the capillary in one 
direction while the capillary is translated relative to the optical system in a second direction. 
Typically three antibody reagents, each with a different fluorescent tag and each detected in a 
different channel, are used per assay. The capillary is imaged and fluorescent events detected. 
This is in contrast to flow cytometry where light scatter rather than fluorescence is usually the 
trigger parameter. 

[00136] Peaks corresponding to antibody-labeled cells are identified with image 
processing software that produces a list-mode data file with parameters for every detected cell 
event. Norton et al., supra. Unlabeled cells i.e., erythrocytes and leukocytes not expressing the 
target antibodies, are not identified. Intensity data is compensated for spectral overlap, so the 
resultant values are proportional to the amount of dye-antibody reagent on each cell. The 
volume of the scan is precisely defined enabling absolute cell counts (cells per |iiL of blood) to be 
determined. 

[00137] Assay panels may be devised to identify and enumerate hundreds of different cell 
types and cell-associated molecules that are relevant to immune, inflammatory and metabolic 
processes. In a preferred embodiment, each reagent cocktail typically contains one or two 
antibodies to the major cell populations - neutrophils, eosinophils, monocytes T-cells, B-cells, 
NK-cells, and platelets - and one or two antibodies to subsetting antigens which may indicate the 
functional state, activation state or adhesion characteristics of the population. 

VIII. Method of Treatment 

[00138] This invention also provides method for treating RA, as well as other diseases or 
conditions, by providing a therapeutic agent to a subject that increases or decreases the level or 
activity of at least one polypeptide of the invention, polynucleotide of the invention, or cell 
population of the invention. 

[00139] In one embodiment, the method comprises administering a therapeutic agent to a 
subject that increases the level or activity of at least one polypeptide of the invention, 
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polynucleotide of the invention or cell population of the invention that is decreased in samples 
obtained from RA subjects compared to samples obtained from non-RA subjects or to a standard 
level or reference range. 

[00140] In another embodiment, the method comprises administering a therapeutic agent 
to a subject that decreases the level of at least one polypeptide of the invention, polynucleotide of 
the invention or cell population of the invention that is increased in samples obtained from RA 
subjects compared to samples obtained from non-RA subjects or to a standard level or reference 
range. 

[00141] In another embodiment, the method ftirther comprises first obtaining a sample 
from an RA subject, determining the presence, level or activity of at least one marker of the 
invention in the sample compared to samples obtained from a non-RA subject or to a standard 
value or a reference range. If the marker is increased in the sample obtained from the RA subject, 
a therapeutic agent that decreases the level of the marker is administered to the patient. If the 
marker is decreased in the sample obtained from the RA subject, a therapeutic agent that 
increases the level of the marker is administered to the subject. 

[00142] Therapeutic agents include but are not limited to polypeptide markers, 
polynucleotide markers, molecules comprising polypeptide markers or polynucleotide markers, 
antibodies specific for polypeptides of the invention, polynucleotides of the invention, or cell 
populations of the invention, modulators of the level or activity of a polypeptide of the invention, 
polynucleotide of the invention or cell population marker of the invention or compositions 
comprising one or more of the foregoing. 

[00143] Generally, the therapeutic agents used in the invention are administered to the 
subject in an effective amount. An "effective amount" is typically the amount that is sufficient 
to obtain beneficial or desired clinical results. The effective amount is generally determined by a 
physician with respect to a specific patient and is within the skill of one in the art. Factors that 
may be taken into account in determining an effective amount include those relating to the 
condition being treated (e.g., type, stage, severity) as well as those relating to the subject (e.g., 
age, sex, weight). 
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[00144] The level or activity of a polypeptide marker may be increased or decreased by 
any suitable technique or method known in the art. The level of a polypeptide marker may be 
increased by providing the polypeptide marker to a subject. Alternatively, the level of a 
polypeptide marker may be increased by providing a polynucleotide that encodes the polypeptide 
marker (e.g., gene therapy). For those polypeptide markers with enzymatic activity, compounds 
or molecules known to increase that activity may be provided to the subject. 

[00145] The level of a polypeptide marker may be decreased by providing antibodies 
specific for the polypeptide marker to the subject. Altematively, the level of a polypeptide 
marker may be decreased by providing a polynucleotide that is "anti-sense" to the polynucleotide 
that encodes the polypeptide marker, or that encodes dysfunctional proteins. For those 
polypeptide markers with enzymatic activity, compounds or molecules known to decrease that 
activity (e.g., inhibitor or antagonist). 

[00146] Polynucleotides of the invention may also be used to specifically suppress gene 
expression by methods such as RNA interference (RNAi), which may also include cosuppression 
and quelling. This and other techniques of gene suppression are well known in the art. A review 
of this technique is foxmd in Marx, Science 288:1370-1372 (2000). Specifically, polynucleotides 
of the invention are useful for generating gene constructs for silencing specific genes. 
Polynucleotides of the invention may be used to generate genetic constructs that encode a single 
self-complementary RNA sequence specific for one or more genes of interest. Genetic 
constructs and/or gene-specific self-complementary RNA sequences may be delivered by any 
conventional method known in the art. Within genetic constructs, sense and antisense sequences 
flank an intron sequence arranged in proper splicing orientation making use of donor and 
acceptor splicing sites. Altemative methods may employ spacer sequences of various lengths 
rather than discrete intron sequences to create an operable and efficient construct. During post- 
transcriptional processing of the gene construct product, intron sequences are spliced-out, 
allowing sense and antisense sequences, as well as splice junction sequences, to bind forming 
double-stranded RNA. Select ribonucleases bind to and cleave the double-stranded RNA, 
thereby initiating the cascade of events leading to degradation of specific mRNA gene sequences, 
and silencing specific genes. Altematively, rather than using a gene construct to express the self- 
complementary RNA sequences, the gene-specific double-stranded RNA segments are delivered 
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to one or more targeted areas to be internalized into the cell cytoplasm to exert a gene silencing 
effect. Using this cellular pathway of gene suppression, gene function may be studied and high- 
throughput screening of sequences may be employed to discover sequences affecting gene 
expression. 

[00147] The level of a cell population may be increased or decreased by any suitable 
technique or method known in the art. The level of a cell population may be increased in a 
sample, for example, by providing an appropriate chemoattractant. Chemokines, for example, 
have been shown to control the migratory behavior of several cell types, including lymphocytes. 
Conversely, the level of a cell population may be decreased by providing to the subject 
antibodies specific for the cell population. 

[00148] The therapeutic agents described herein may be administered alone or in 
combination with another therapeutic compound, or other form of treatment. The compounds 
may be administered to the subjects in any suitable manner known in the art (e.g., orally, 
topically, subcutaneously, intradermally, intramuscularly, intravenously, intra-arterially, 
intrathecally). Therapeutic agents of the invention may be combined with an excipient and 
formulated as tablets or capsules for oral administration. Polypeptides may be formulated for 
parenteral administeration to avoid denaturation by stomach acids. For polynucleotides, vectors 
may be constructed for administration to the subject by a virus or other carrier. In a typical 
embodiment, cDNA is delivered to target cells (e.g., bone marrow cells) that are later 
reintroduced into the subject for expression of the encoded protein. 

[001 49] The therapeutic agents of the invention can be administered by any suitable means, 
including, for example, parenteral, intravenous, topical, oral or local administration, such as 
intradermally, by aerosol, or by injection. A therapeutic composition can be administered in a 
variety of unit dosage forms depending upon the method of administration. For example, unit 
dosage forms suitable for oral administration of subject include powder, tablets, pills and 
capsules. For particular modes of delivery, a therapeutic composition of the invention can be 
formulated in an excipient of the invention. A therapeutic reagent of the invention can be 
administered to any subject, including a human, a non-human mammal or other non-human 
animal. 
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[00150] As one of skill in the art will appreciate, the particular mode of administration 
will depend on the condition to be treated. It is contemplated that administration of the agents of 
the invention may be via any suitable method known in the art. 

[001 5 1 ] Antibodies targeting cell populations of the invention advantageously may be 
administered by intravenous, interperitoneal, or subcutaneous injection, including administration 
to veins or the lymphatic system, or directly into the joint space. 

[001 52] In a further embodiment, the therapeutic agents of the invention are useful for 
gene therapy or gene delivery. As used herein, the phrases "gene therapy" or "gene delivery" 
refer to the transfer of genetic material (e.g., DNA or RNA) of interest into a host to treat or 
prevent a genetic or acquired disease or condition. The genetic material of interest encodes a 
product (e.g., a protein polypeptide, peptide or functional RNA) whose production in vivo is 
desired. For example, the genetic material of interest can encode a hormone, receptor, enzyme 
or polypeptide of therapeutic value. In a specific embodiment, the subject invention utilizes a 
class of lipid compounds for use in non- viral gene therapy which can complex with nucleic acids 
as described in Hughes, et al, U.S. Patent No. 6,169,078 (issued Jan. 2, 2001), incorporated by 
reference herein in its entirety. These therapeutic compounds effectively complex with DNA 
and facilitate the transfer of DNA through a cell membrane into the intracellular space of a cell 
to be transformed with heterologous DNA. Furthermore, these lipid molecules facilitate the 
release of heterologous DNA in the cell cytoplasm thereby increasing gene transfection during 
gene therapy in a human or animal. 

IX. Therapeutic Compositions 

[001 53] Another aspect of the invention provides compositions comprising a polypeptide 
of the invention, a polynucleotide of the invention, an antibody against a polypeptide of the 
invention, polynucleotide of the invention, or cell population of the invention, an inhibitor of a 
polypeptide of the invention, polynucleotide of the invention, or cell population of the invention, 
or other molecule that can increase or decrease the level or activity of a polypeptide of the 
invention, polynucleotide of the invention or cell population of the invention. Such 
compositions may be pharmaceutical compositions formulated for use as a therapeutic. 



39 



[001 54] In one embodiment, the invention provides a composition that comprises a 
polypeptide of the invention, including without limitation a polypeptide marker described in 
Table 1 , Table 2, Table 3, Table 4, Table 5 or Table 6 or any of the other polypeptide markers of 
the invention described herein. 

[00155] In one embodiment, the invention provides a composition that comprises a 
polynucleotide of the invention of the invention, including without limitation a polynucleotide 
that encodes a polypeptide marker described in Table 1, Table 2, Table 3, Table 4, Table 5, or 
Table 6 or any of the other nucleotides of the invention described herein. 

[001 56] In another embodiment, the invention provides a composition that comprises an 
antibody that selectively binds to a polypeptide of the invention, a polynucleotide of the 
invention or a cell population of the invention, or a molecule that comprises such an antibody. 

[00157] In another embodiment, the invention provides a composition that comprises a 
modulator of the level or activity of a polypeptide of the invention, a polynucleotide of the 
invention, or cell population of the invention, or a molecule that comprises such a modulator. In 
one embodiment, the modulator is an inhibitor of a polypeptide of the invention. In another 
embodiment, the modulator is an antisense polynucleotide that is complementary to a 
polynucleotide that encodes a polypeptide of the invention. 

[00158] Such compositions may be pharmaceutical compositions. Typically, a 
pharmaceutical composition comprises a therapeutically effective amount of an active agent and 
is formulated with a suitable excipient or carrier. 

[00159] Generally, the therapeutic agents used in the invention are administered to the 
subject in an effective amount. Generally, an effective amount is an amount effective to either 
(1) reduce the symptoms of the disease sought to be treated or (2) induce a pharmacological 
change relevant to treating the disease sought to be treated. For RA, an effective amount 
includes an amount effective to: improve the DAS28 score, improve the Anierican College of 
Rheumatology (ACR) functional scores, decrease tender and swollen joint counts, decrease 
duration of morning stiffness, and reduce any other objective or subjective indicia of the disease. 
Therapeutically effective amounts of the therapeutic agents will depend, in part, on the condition, 
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type and location of the disease, the size and condition of the patient, as.well as other factors 
readily known to those skilled in the art. The dosages can be given as a single dose, or as several 
doses, for example, divided over the course of several weeks. 

[00160] The pharmaceutical compositions of the invention can be prepared in any suitable 
manner known in the pharmaceutical art. The carrier or excipient may be a solid, semisolid, or 
liquid material that can serve as a vehicle or medium for the active ingredient. Suitable carriers 
or excipients are well known in the art and include, but are not limited to saline, buffered saline, 
dextrose, water, glycerol, ethanol, and combinations thereof The pharmaceutical compositions 
may be adapted for oral, inhalation, parenteral, or topical use and may be administered to the 
patient in the form of tablets, capsules, aerosols, inhalants, suppositories, solutions, suspensions, 
powders, syrups, and the like. As used herein, the term "pharmaceutical carrier" may encompass 
one or more excipients. Suitable pharmaceutical carriers and formulation techniques are found 
in standard texts, such as Remington's Pharmaceutical Sciences, Mack Publishing Co., Easton, 
Pennsylvania. 

[001 61 ] One embodiment of the invention is a controlled release formulation that is 
capable of slowly releasing a composition of the invention into an animal. As used herein, a 
controlled release formulation comprises a composition of the invention in a controlled release 
vehicle. Suitable controlled release vehicles include, but are not limited to, biocompatible 
polymers, other polymeric matrices, capsules, microcapsules, microparticles, bolus preparations, 
osmotic pumps, diffusion devices, liposomes, lipospheres, and transdermal delivery systems. 
Other controlled release formulations of the invention include liquids that, upon administration 
to an animal, form a solid or a gel in situ. Preferred controlled release formulations are 
biodegradable (i.e., bioerodible). 

X. Methods for Screening Candidate Compounds 

[00162] In another aspect, the invention provides methods for screening candidate 
compounds for use as therapeutic agents. In one embodiment, the method comprises screening 
candidate compounds for those that bind to a polypeptide of the invention, a polynucleotide of 
the invention, or a cell population of the invention. Candidate compounds that bind to markers 
can be identified using any suitable method or technique known in the art. 
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[00163] In one embodiment, a candidate compound or a control is contacted with a marker 
of the invention and the ability of the candidate compound to form stable complexes with the 
marker is determined (e.g., flow cytometry, immunoprecipitation). The candidate compound, the 
marker, or an antibody that selectively binds either may be labeled to facilitate detection. The 
candidate molecule or marker may be inmiobiUzed on a solid support (e.g., a bead). 

[00164] In another embodiment, cells expressing a polypeptide marker are contacted with 
a candidate compound or a control and the ability of the candidate compound to form stable 
complexes with the cells is determined. The candidate compound or the marker may be labeled 
to facilitate detection. 

[00165] In another embodiment, the method comprises screening candidate compounds 
for those that have a stimulatory or inhibitory effect on the activity of a marker of the invention 
comprising comparing the activity of the marker in the presence of the candidate molecule with 
the activity of the marker in the absence of the candidate molecule (e.g., in the presence of a 
control). 

[00166] In another embodiment, the method comprises screening candidate drugs in a 
clinical trial to determine whether a candidate drug is effective in treating RA. At time to, a 
biological sample is obtained from each subject in population of subjects diagnosed with RA. 
Next, assays are performed on each subject's sample to measure levels of a marker. In some 
embodiments, only a single marker is monitored, while in other embodiments, a combination of 
markers, up to the total number of factors, is monitored. Next, a predetermined dose of a 
candidate drug is administered to a portion or sub-population of the same subject population. 
Drug administration can follow any suitable schedule over any time period. In some cases, 
varying doses are administered to different subjects within the sub-population, or the drug is 
administered by different routes. At time ti, after drug administration, a biological sample is 
acquired from the sub-population and the same assays are performed on the biological samples 
as were previously performed to obtain measurement values. As before, subsequent sample 
acquisitions and measurements can be performed as many times as desired over a range of times 
t2 to tn. In such a study, a different sub-population of the subject population serves as a control 
group, to which a placebo is administered. The same procedure is then followed for the control 
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group: obtaining the biological sample, processing the sample, and measuring the markers to 
obtain a measurement chart. 

[00167] Specific doses and delivery routes can also be examined. The method is 
performed by administering the candidate drug at specified dose or delivery routes to subjects 
with RA; obtaining biological samples, such as serum, fi-om the subjects; measuring the level of 
at least one of the markers in each of the biological samples; and, comparing the measured level 
for each sample with other samples and/or a standard level or reference range. Typically, the 
standard level or reference range is obtained by measuring the same marker or markers in the 
subject before drug administration. Depending upon the difference between the measured and 
standard levels, the drug can be considered to have an effect on RA. If multiple markers are 
measured, at least one and up to all of the markers must change, in the expected direction, for the 
drug to be considered effective. Preferably, multiple markers must change for the drug to be 
considered effective, and preferably, such change is statistically significant. 

[00168] As will be apparent to those of ordinary skill in the art, the above description is 
not limited to a candidate drug, but is applicable to determining whether any therapeutic 
intervention is effective in treating RA. 

[00169] In a typical embodiment, a subject population having RA is selected for the study. 
The population is typically selected using standard protocols for selecting clinical trial subjects. 
For example, the subjects are generally healthy, are not taking other medication, and are evenly 
distributed in age and sex. The subject population can also be divided into multiple groups; for 
example, different sub-populations may be suffering fi-om different types or different degrees of 
the disorder to which the candidate drug is addressed. 

[001 70] In general, a number of statistical considerations must be made in designing the 
trial to ensure that statistically significant changes in marker measurements can be detected 
following drug administration. The amount of change in a marker depends upon a number of 
factors, including strength of the drug, dose of the drug, and treatment schedule. It will be 
apparent to one skilled in statistics how to determine appropriate subject population sizes. 
Preferably, the study is designed to detect relatively small effect sizes. 
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[00171] The subjects optionally may be "washed out" from any previous drug use for a 
suitable period of time. Washout removes effects of any previous medications so that an 
accurate baseline measurement can be taken. At time to, a biological sample is obtained from 
each subject in the population. Preferably, the sample is blood, but other biological fluids may 
be used (e.g., urine). Next, an assay or variety of assays are performed on each subject's sample 
to measure levels of particular markers of the invention. The assays can use conventional 
methods and reagents, as described above. If the sample is blood, then the assays typically are 
performed on either serum or plasma. For other fluids, additional sample preparation steps are 
included as necessary before the assays are performed. The assays measure values of at least one 
of the markers of the invention. In some embodiments, only a single marker is monitored, while 
in other embodiments, a combination of factors, up to the total number of markers, is monitored. 
The markers may also be monitored in conjunction with other measurements and factors 
associated with RA (e.g., joint tenderness). The number of markers whose values are measured 
depends upon, for example, the availability of assay reagents, biological fluid, and other 
resources. 

[001 72] Next, a predetermined dose of a candidate drug is administered to a portion or 
sub-population of the same subject population. Drug administration can follow any suitable 
schedule over any time period, and the sub-population can include some or all of the subjects in 
the population. In some cases, varying doses are administered to different subjects within the 
sub-population, or the drug is administered by different routes. Suitable doses and 
administration routes depend upon specific characteristics of the drug. At time ti, after drug 
administration, another biological sample (the "ti sample") is acquired from the sub-population. 
Typically, the sample is the same type of sample and processed in the same manner (for 
example, blood) as the sample acquired from the subject population before drug administration 
(the "to sample"). The same assays are performed on the ti sample as on the to sample to obtain 
measurement values. Subsequent sample acquisitions and measurements can be performed as 
many times as desired over a range of times t2 to tn. 

[00173] Typically, a different sub-population of the subject population is used as a control 
group, to which a placebo is administered. The same procedure is then followed for the control 
group: obtaining the biological sample, processing the sample, and measuring the markers to 
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obtain measurement values. Additionally, different drugs can be administered to any number of 
different sub-populations to compare the effects of the multiple drugs. As will be apparent to 
those of ordinary skill in the art, the above description is a highly simplified description of a 
method involving a clinical trial. Clinical trials have many more procedural requirements, and it 
is to be understood that the method is typically implemented following all such requirements. 

[00174] Paired measurements of the various markers are thus determined for each subject. 
The different measurement values are compared and analyzed to determine whether the markers 
changed in the expected direction for the drug group but not for the placebo group, indicating 
that the candidate drug is effective in treating RA. In preferred embodiments, such change is 
statistically significant. The measurement values at time t| for the group that received the 
candidate drug are compared with standard measurement values, preferably the measured values 
before the drug was given to the group, i.e., at time to. Typically, the comparison takes the form 
of statistical analysis of the measured values of the entire population before and after 
administration of the drug or placebo. Any conventional statistical method can be used to 
determine whether the changes in marker values are statistically significant. For example, paired 
comparisons can be made for each marker using either a parametric paired t-test or a 
non-parametric sign or sign rank test, depending upon the distribution of the data. 

[00175] In addition, tests should be performed to ensure that statistically significant 
changes found in the drug group are not also found in the placebo group. Without such tests, it 
cannot be determined whether the observed changes occur in all patients and are therefore not a 
result of candidate drug administration. 

[00176] As discussed, supra, some of the marker measurement values are higher in 
samples fi-om RA patients, while others are lower. The nonadjusted p-values shown were 
obtained by univariate analysis. A significant change in the appropriate direction in the 
measured value of one or more of the markers indicates that the drug is effective. If only one 
marker is measured, then that value must increase or decrease to indicate drug efficacy. If more 
than one marker is measured, then drug efficacy can be indicated by change in only one marker, 
all markers, or any number in between. In some embodiments, multiple markers are measured, 
and drug efficacy is indicated by changes in multiple markers. Measurements can be of both 
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markers of the invention and other measurements and factors associated with RA (e.g., 
measurement of previously known markers reported in the literature). Furthermore, the amount 
of change in a marker level may be an indication of the relatively efficacy of the drug. 

[001 77] In addition to determining whether a particular drug is effective in treating RA, 
markers of the invention can also be used to examine dose effects of a candidate drug. There are 
a number of different ways that varying doses can be examined. For example, different doses of 
a drug can be administered to different subject populations, and measurements corresponding to 
each dose analyzed to determine if the differences in the markers before and after drug 
administration are significant. In this way, a minimal dose required to effect a change can be 
estimated. In addition, results fi"om different doses can be compared with each other to 
determine how each marker behaves as a function of dose. 

[001 78] Analogously, administration routes of a particular drug can be examined. The 
drug can be administered differently to different subject populations, and measurements 
corresponding to each administration route analyzed to determined if the differences in the 
markers before and after drug administration are significant. Results firom the different routes 
can also be compared with each other directly. 

XI. Kits 

[00179] In another aspect, the invention provides a kit for detecting a polypeptide of the 
invention, a polynucleotide of the invention or a cell population of the invention. 

[001 80] In another aspect, the invention provides a kit for diagnosing RA in a patient by 
detecting at least one polypeptide of the invention, polynucleotide of the invention or cell 
population of the invention in a biological sample fi-om the subject. In one embodiment, the kit 
is for monitoring progression of the disease. In another embodiment, the kit is for assessing 
response to therapy. 

[00181] In another aspect, the invention provides a kit for screening candidate compoimds 
by detecting stable complexes between the candidate compound and a polynucleotide of the 
invention, polynucleotide of the invention or cell population of the invention. 
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[001 82] The kits of the invention may comprise one or more of the following: an antibody, 
wherein the antibody selectively binds to a polypeptide of the invention, polynucleotide of the 
invention or cell population of the invention, a labeled binding partner to the antibody (e.g., a 
"secondary antibody"), a solid phase upon which is immobilized the antibody or its binding 
partner, a polynucleotide probe that can hybridize to a polynucleotide marker, pairs of primers 
that under appropriate reaction conditions can prime amplification of at least a portion of a 
polynucleotide marker or a polynucleotide encoding a polypeptide marker (e.g., by PGR), 
instructions on how to use the kit, a container for a collected sample, or a label or insert 
indicating regulatory approval for diagnostic or therapeutic use. 

[001 83] In developing such kits, it is within the competence of one of ordinary skill in the 
art to perform validation studies that would use an optimal analytical platform for each marker. 
For a given marker, this may be an immunoassay, flow cytometer assay or mass spectrometry 
assay. Kit development may require specific antibody development, evaluation of the influence 
(if any) of matrix constituent ("matrix effects"), and assay performance specifications. 

EXAMPLES 

Example 1 - Clinical Studv 

[00184] The Institutional Review Board (IRB) approved protocol includes collection of 
samples fi-om subjects with established RA (RA subjects) and non-RA subjects, matched for age 
gender and co-morbidities. 

[00185] For the cell population analysis, RA subjects included individuals with a range of 
disease activity fi*om remission to severe based on Disease Activity Scores. Specifically, the 
DAS28, a composite index of swollen and tender joints, erythrocyte sedimentation rate and 
general health, was used, van der Heijde et al., Ann. Rheum. Dis. 49:919-20 (1990); Prevoo et 
al. Arthritis Rheum. 38:44-8 (1995). Subject scores ranged fi-om < 2 to 7.7 (median 2.9) and 
ACR functional scores ranged fi-om 1 to 4. Two cross sectional studies, with different panels of 
cellular assays compared 95 RA subjects and 30 non-RA subjects and 77 RA subjects and 48 
non-RA subjects, respectivley. 
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[001 86] For the mass spectrometry analysis, RA subjects included individuals with 
moderate to severe disease activity, with DAS28 scores ranging from 3.3 to 7.7 (median 5.2) and 
ACR functional scores of 3 or 4. The cross sectional study compared 20 RA subjects and 20 
healthy subjects. 

[00187] In both cases, serum samples were collected from RA and non-RA subjects in 
accordance with a clinical protocol and informed consent that were approved by an institutional 
review board (IRB) and with procedures that adhere to Good Clinical Practice. 

Example 2 - Mass Spectrometry Analvsis 

[001 88] A high molecular weight fraction ("serum proteome") was separated from the 
serum samples using a 5-kDa molecular weight cut-off spin filter (Millipore Corp., Bedford, 
MA). The serum proteome was diluted with PBS buffer (pH 6.0). To increase the effective 
dynamic range of the measurements, the two most abundant proteins (human serum albumin and 
IgG) were substantially depleted by an affinity resin (ProMetic Biosciences, Cambridge, UK). 
The remaining proteins were denatured using guanidine hydrochloride, disulfide bonds were 
reduced using dithioreitol, and sulfliydryl groups were carboxymethylated using iodoacetic 
acid/NaOH. The denaturant and reduction-alkylation reagents were removed by buffer exchange. 
After digestion of the proteins using modified Trypsin (Promega Corp., Madison, WI), the 
mixture was lyophilized to a powder, dissolved in formic acid, desalted, dried again, and 
redissolved in 0.1% formic acid for injection onto the liquid chromatography-mass spectrometer. 

[001 89] The tryptic peptides were profiled by liquid chromatography-electrospray 
ionization-mass spectrometry (LC-ESI-MS) on a high-resolution time-of-flight (TOP) instrument. 
For LC separation, an online column (PicoTip, New Objective) was packed with CI 8 reverse- 
phase (RP) material. Peptides retained on the RP column were eluted with increasing 
concentration of acetonitrile (ACN). A 100 minute gradient of H2O/ACN was the basis of 
elution , going to 40% acetonitrile. The eluate from the column flowed into the ESI-TOF MS 
(Micromass LCT^m, Waters Corp., Milford, MA). Individual molecules were tracked across 
samples and their differential expression determined. 
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[00190] A binary HP 1 100 series HPLC was directly coupled to a MicroMass (Manchester, 
UK) LCT"^^ EST-TOF mass spectrometer equipped with a nanospray source (New Objective, 
Wobum, MA) for serum profiling or a ThermoFinnigan (San Jose, CA) LCQ DECA"^^ ESI 
ion-trap mass spectrometer for peptide identification. Details of the system set-up are described 
elsewhere. Wang et al., supra. Mass peaks were analyzed with MassView™ software 
(SurroMed, Inc., Menlo Park, CA), which tracks peaks and performs normalization to enable 
quantitative comparisons across multiple samples. Wang et al., supra; Hastings et al. Rapid 
Commun. Mass Spectrom., 16:462-7 (2002). 

Example 3 - Cell Population Analvsis 

[00 1 9 1 ] Cellular assays were conducted on the SurroScan™ micro volume laser scanning 
cytometer (MLSC) using Flex32™ capillary arrays (SurroMed Inc., Menlo Park, CA). Walton 
et al., supra. The SurroScan system is based in part on the Imagn2000™ MLSC (Becton 
Dickinson, San Jose, CA). Dietz et al, Cytometry, 23177-86 (1996). However, in the 
SurroScan system (i) four colors can be analyzed instead of two, (ii) capillary arrays are used to 
enable many more assays and (iii) software enables streamlined data processing and connection 
to the database. 

[00192] Monoclonal antibodies and fluorescent tags were obtained from commercial 
vendors (BD Biosciences, San Jose, CA, including BD PharMingen, San Jose, CA; Beckman 
Coulter, Miami, FL; Serrotec, Raleigh, NC; and eBiosciences, San Diego, CA). Three different 
fluorophores were used as direct conjugates to the antibodies: Cy5, Cy5.5, and Cy7-APC. 
Mujumdar et al. Bioconjug. Chem. 4:105-1 1 (1993); Beavis & Pennline, Cytometry 24:390-394 
(1996); Roederer et al., Cytometry, 24:191-7 (1996). Antibody-dye reagents were titrated to 
determine the appropriate concentration and combined into pre-made cocktails. 

[00193] Images were converted to flow cytometry standard format with in-house software 
and analyzed with FlowJo^^ cytometry analysis software customized for SurroMed (Tree Star, 
Inc., San Carlos, CA). Norton et al., supra. Fluorescence intensities were compensated for 
spectral overlap of the dyes so values would be proportional to antigen density. For the clinical 
study, list mode data is uploaded into an Oracle database and analyzed with in-house software 
using standard gates developed with the Flow Jo and uploaded into the database. 
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[00194] About 800 cellular variables were analyzed, including cell counts, cell ratios and 
intensities. Some of these unique combinations were not independent and may represent the 
same or overlapping biological cell populations. For the major cell populations (neutrophils, 
eosinophils, monocytes, total T-cells, CD4 T-cells, CDS T-cells, B-cells and NK cells) that were 
measured by an identical two-antigen combination (each with a different third antigen) in 
multiple assays, appropriate averages were calculated and used as a single variable for 
comparative statistics. Many of the cell populations in Table 7 and Table 8 are designated by the 
antigens used to define them where p=positive, n=negative, pn=dull, t=total in the assay. Thus, 
"CD3p" indicates a CD3 positive cell). 

Whole blood assays results for T cell subsets; cell events can be displayed in histograms or dot 
plots based on the level of antigen expression. CD4 and CD8 T cells can be divided into naive 
and memory T cell subsets. Four subsets can be identified and related to specific fiinctional 
states: naive (CD45RA"', CD62L''), central memory (CD45RA', CD62L''), effector memory cells 
(CD45RA', CD62L") and terminal effector memory (CD45RA'^, CD62L ) according to one 
scheme for CDS T cells. Hamann et aL, Intl. Immunol., 1 1:1027-1033 (1999); Sallusto et al.. 
Nature, 401:708-712(1999). 

Example 4 - Statistical Methods 

[00195] Samples fi^om RA subjects and healthy subject were analyzed with the cell 
population and mass spectrometry platforms to look for significant differences between the two 
groups. Variables were compared with either an un-paired t-test or non-parametric test, as 
appropriate for each variable, using SAS™ software. The study includes multiple comparisons 
and caution is needed to consider potential false positive conclusions. The step-down Bohferroni 
p- value adjustment method of Holm was used maintain a study- wide p-value <0.05. Results are 
considered at both the adjusted and multiple-univariate statistical levels. Holm, S., A simple 
sequentially rejective multiple test procedure, in Scand J Stat. 1979. p. 65-70; Blair, et al., 
Control of familywise errors in multiple endpoint assessments via stepwise permutation tests. 
1996. 15(11): p. 1107-1121, 
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Table 5. Unidentified Proteins Increased in Subjects having RA 
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